- 58 - 




m 



i 



WHAT IS CLAIMED IS ; 

1. An expression vect6r comprising: 

(a) a coding region yath nucleic acids coding 
for a peptide product coupled/in reading frame 3' of 
nucleic acids coding for a s/gnal peptide; and 

(b) a control redlon linked operably with the 
coding region, said control region comprising a plurality 
of promoters and at leasx one ribosome binding site, 
wherein at least one o£ said promoters is tac. 



2. The vector of claiiti^arr^vCQfttprising a 
plurality of transcription cassettes -Lfeach cassette 
having said control region ami saicy coding region. 



3 . The vector /5f claim 
nucleic acids coding for/ a reprej 
repressing expression cpntroll< 
promoters . 



further comprising 
ir peptide capable of 
>y\at least one of said 



4. The vector > &f^/6 la im 3, wherein the nucleic 
acids coding for the repressor encode a lac repressor. 



" Js. The vector of claim "1, wherein said control 
region has exactly two promoters. 

^ Jti*. The vector of claim l, wherein said tac 
promoter is 5' of another promoter in said control 



region. 



1 



The vector of claim 1, wherein the control 
region comprises both a tac promoter and a lac promoter. 
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✓6. The vector of claim/, wherein the lac 
promoter is 3' of the tac promoter. 

fr^ .... 

>@r. The vector of claim 1, wherein said nucleic 
acids coding for the signal peptide encode a signal 
peptide for secreted bacterial proteins. 

>€rr The vector of claim ]f 9 ^herein said signal 
is OmpA signal peptide. 

The vector of claim 1, wherein said 
peptide product has a molecular weight of less than 
10 KDa. 

\&\ The vector of claim 1, wherein the C- 
terminal amino acid of said peptide product is glycine. 

«> % 

>6*r The vector of claim L2, wherein said 
peptide product is salmon calcitonin precursor. 

" I 

The vector of claim \7, wherein said 
peptide product is calcitonin gene related peptide 
precursor . 

15. The vector of claim 1/2, wherein said 
peptide product is selected from tj/e group consisting of 
parathyroid hormone, the first 34/ amino acids of 
parathyroid hormone, and a 3 5 ayino acid peptide having a 
C-terminal glycine in position/35 and the first 34 amino 
acids of parathyroid hormone An positions 1-34. 
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/ . . 

16. The vector of claim 1, further comprising 
nucleic acids coding for at least one seci/etion enhancing 
peptide. 

17. The vector j6t claim 16, Me&fein the 
secretion enhancing peptide is selecte^^iyom the group 
consisting of secY and prlA-4. 

18. The veator of claim wherein the 
secretion enhancing piptide is secEi 

19. The vecVor of^erfaira 16, wherein a 
plurality of secretion enhancing /peptides are encoded, at 
least one of which is secE and the other of which is 
selected from the group consist/ng of secY and prlA-4. 

2*y. A host cell transformed or transfected 
with the vector of claim 1. 



tmrysftbrmed 



21. A host cell traiysftbrmed or transfected 
with the vector of claim 16 ( / J\ ^ 

L f The host cell of claim frf, wherein said 

host cell is a bacterial cell. 

2js. The host cell of claim wherein said 

bacterial cell is a gram negative bacterial cell. 

^4^. The host cell of claim ^Jt t wherein said 
bacterial cell is E. coli. 



25. The host cell claim 24, wherein said E < 
coli is strain BLR. 
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26. The host cell of cl^/im 24, wherein said E. 
is strain BL21. 

4- ' ^ • • 

Vr* The host cell of claim ^c, wherein said E< 
coli is strain WA837. 



28. The host cell of claim 
host cell further expresses at 
enhancing peptide. 



29 . The host 
secretion enhancing pe 
consisting of secY an 



m 28, wherein the 
ted from the group 



30, 



The h 



secretion enhancing 




, wherein said 
e secretion- 



aim 28 , wherein the 



31. The host car y of claim 28, wherein a 
plurality of secret j\on e*&afncing peptides are encoded, at 
least one of which is secJE and the other of which is 
selected from the group consisting of secY and prlA-4. 
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^T. An E. coli host containing and expressing 
an expression vector which comprises a plurality of 
transcription cassettes in tandem, each cassette 
comprising: 

(a) a coding region comprising nucleic acids 
coding for a peptide product coupled in reading frame 3' 
of nucleic acids coding for a signal peptide; and 

(b) a control region linked operably with the 
coding region, said control region comprising a plurality 
of promoters in tandem and at least one ribosome binding 
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site, wherein at least one of said promoters is selected 
from the group consisting of tac and lac. 

2D 

The host of claim wherein said control 

region comprises from 5' to 3' a tac promoter and a lac 
promoter . 



The host of claim >2T, wherein said vector 
has exactly two transcription cassettes in tandem. 

^5. A host cell transformed with an expression 
vector which comprises a gene for expressing salmon 
calcitonin precursor, said host cell being E . coli strain 
BLR. 



^fr. A host cell transformed with an expression 
vector which comprises a gene for expressing calcitonin 
gene related peptide precursor, said host being E . coli 
strain BLR. 



A method of producing a peptide product 
which comprises culturing the host cell of claim in a 
culture medium and then recovering the peptide product 
from the medium in which the host cell has been cultured. 

38. The method of cla^m 37 wherein peptide 
product yield exceeds 100 mg pear liter of media. 

39. A method of producing a peptide product 
which comprises culturing th^hosr/pell of claim 21 in a 
culture medium and then recover inor the peptide product 
from the medium in which the! hcrat celT has been cultured. 



40. A method of producing a peptide product 
which comprises culturing the #ost cell of claim 35 in a 
culture medium and then recovering the peptide product 
from the medium in which ther host cell has been cultured. 
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Jjf*. The method of claim wherein the 

peptide product is salmon calcitonin precursor. 

4#. The method of claim 3# , wherein the 
peptide product is calcitonin gene related peptide 
precursor. 




43. The vector of claim X, wherein said 
peptide product is selected from tfhe group consisting of 
parathyroid hormone, the first 34 amino acids of 
parathyroid hormone and 35 amLrio acid peptide having a C- 
terminal glycine in position/35 and the first 34 amino 
acids of parathyroid hormorie in positions 1-34. 



44. The method of claim 38/ wherein a method 
of induction is started prior to stationary phase. 

45. The method of/claiiM44. wherein the 
induction method is by addition q/x/ a/chemical inducer. 



46. The methorci of c~. 
induction is by addition of a1 
from the group consist/ing of 



45, wherein the 
ist one inducer selected 
tel and lactose. 



which comprises the s 



47. A methDd of /producint 



peptide product 



^ep^yof : 

(a) culturing brost cells of claim 20 in a 
culture medium in the presence of a carbon source and 
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inducing the expression of the peptide product, while 
controlling growth of said host cells at a growth rate 
between 0.05 and 0.20 doublings per Aour; and 

(b) thereafter recovering/ said peptide product 
from the medium. 
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48. The method of claim 47 , wherein a 
membrane-permeabilizing^moun^pf glycine is present in 
the medium during ^k: least a potion of said controlled 
growth . 

49/ The method of cWjta 47 , wherein an inducer 
and carbon Source are addeqf dtfr^ng each hour of culturing 
in amounts/ such that the yei#hjfi ratio of the inducer to 
the carboy source added ifl\/ap\wf one hour does not vary by 
more than' 50% from the n^i6 /Added during the entire 
fermentation period. 




50. The nj^tfhod /of claim 47, wherein no 
external carbon sarfrc/e is lintroduced/into the medium 
until carbon sojaxce AnitiaVly pr^ent in said medium is 
depleted to a level/at which it could not continue to 
support the life oy said host absent introduction of 
external carbon source into the medium, and wherein 
carbon source is thereafter added at a rate which 
maintains said growth rate between 0.05 and 0.2 0 
doublings per hour. 



51. /The method of claim 47, wherein the host 
cell is cultured for a period between 20 and 3 2 hours 
post inductic 
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52. The method of claim 47, wherein the host 
cell is cultured for a period between 24/and 27 hours 
post induction. 

53. The method of claim 47,/ wherein the host 
cell is cultured at a temperature between 20 and 3 5 °C. 

54. The method o£^-6laim wherein the host 
cell is cultured at a temperature between 28 and 3 2 °C. 



B 
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55. The Bffethod of claim 47i wherein the host 
cell is cultured ptt a temperatur^r/6etjween 29.5 and 
30.5°C. 

56. / The method of ^yaim/47, wherein the pH of 
the culture medium is between//6 . 0 and 7.5, 



57 

the culture 
58 



The methodf ofwclaim 47, wherein the pH of 
nedium is betweeri 6.78 and 

The crethod or claim" 47, wherein the pH of 



the culture mecti^m is between 6 '.6 and 7.0. 



59. The method of claim 47, wherein oxygen 
saturation of the culture medium is at least 20%. 

60. The metHod of claim 47, wherein oxygen 
saturation of the cult/ire medium is at least 50%. 



61. The method of claim 47, wherein the oxygen 
saturation of the culture medium is at least 80%. 



SPEC\245833 



- 66 - 



62. The method of clatfn 46, wherein the 
average cell growth rate during /the culture period is 
maintained between 0.10 9J*d*sO./5 doublings per hour. 



63. The jpffethod oJ 
rate is maintained/ at about 



flaim 55, wherein the growth 
f 13 doublings per hour. 



64. The methoc 
source is glycerol. 



claim 49, wherein the carbon 



65. I The metlfyzfdf of >s 4aim 37 ^-wherein said 
peptide producp. is saiinon calcitonin precursor. 

66. The method of claim 37, wherein said 
peptide product is/ calcitonin gene related peptide 
precursor. 



67. The method of claAm 37, wherein said 
peptide product is selected fra/m the group consisting of 
parathyroid hormone, the firs>c 34 amino acids of 
parathyroid hormone and 3 5 aftnino acid peptide having a C- 
terminal glycine in position 35 and the first 34 amino 
acids of parathyroid horjrfone in positions 1-34. 



68. The method o 
is achieved by use of a c 

69. The metho 
inducer is at least one 
consisting of lactose and 




47, wherein induction 
inducer. 



im^5£, wherein the 
^cted from the group 



70. The method of /slaim 37, wherein recovering 



said peptide product comprisfes: 



/ 
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(a) separating host cellos from the culture 
medium; and 

(b) subjecting the medium to reverse-phase 
liquid chromatography and recovering fractions containing 
peptide product; and 

(c) subjecting safid fractions of step (b) to 
cation exchange chromatography, and 

(d) thereafter recovering fractions containing 
peptide product, 

71. The method of c]^im 39 , wherein recovering 
said peptide product compi 

(a) separatin^hos^ cells from the culture 
medium; and 

(b) subjecting tYM /fnedium to reverse-phase 
liquid chromatography ancy /^covering fractions containing 
peptide product; anc 

(c) subjecting/ sai&^-f^fcTctions of step (b) to 
cation exchange chr ©myography , and 

(d) thereafter recovering fractions containing 
peptide product. 



72. Thef method of claim 47, wherein recovering 
said peptide product comprises: 

(a) separating host cells from the culture 
medium; and 

(b) Subjecting the medium to reverse-phase 
liquid chromatography and recovering fractions containing 
peptide produfct; and 

(<y) subjecting said fractions of step (b) to 
cation exchange chromatography, and 

fd) thereafter recovering fractions containing 
peptide prfoduct. 
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73. The method of claim yl , wherein recovering 
said peptide product comprises: 

(a) separating host ce^fls from the culture 
medium; and 

(b) subjecting theydhedium to cation exchange 
chromatography and recovering fractions containing said 
peptide product; and 

(c) subjecting the recovered fraction of step 

(b) to reverse-phase 3/iquid chromatography and recovering 
fractions containing/peptide product; 

(d) subjecting the recovered fractions of step 

(c) to cation exahange chromatography, and 

(e) thereafter recovering fractions containing 
peptide produc 

74. The method of claim 39, j^herein recovering 
said peptide product comprises: / 

(a) separating hbst/^ells jflrom the culture 
medium; and X / 0 

(b) subjecting/The mediurifyrg cation exchange 
chromatography and recovering frap^x^ms containing said 
peptide product; and / / II /I 

(c) subjecting the r^owared fraction of step 

(b) to reverse-phasre liquid chromatography and recovering 
fractions containing peptide /^^duct; 

(d) subjecting thj^/recovered fractions of step 

(c) to cation excpange chromatography , apef^ 

(e) thereafter/recovering fractions containing 
peptide product. \ >^ / 



75. The method of claim 47, wherein recovering 
said peptide product comprises: 
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(a) separating host cells fr/m the culture 
medium; and 

(b) subjecting the medium tfo cation exchange 
chromatography and recovering fractions containing said 
peptide product; and 

(c) subjecting the reco\jfered fraction of step 

(b) to reverse-phase liquid ipba^ematography and recovering 
fractions containing pep'tide proauct; and 

(d) subjecting the recovered fractions of step 

(c) to cation excjafange chromatography , and 

(e) thereafter recovering/ fractions containing 
peptide product. 

'6. The method of/ clai^T/70/ wherein the 
peptide product has at least oner cysteine in its 
molecular structure and whf re^n ^t /least one sulf hydryl 

product is sulfonated 
during /at least a portion/ /ff s^M method of recovering 
peptide product, 




77. The method of c^aim 71^merein the 
peptidfe product hag? at/ least one cysteine in its 
moleculax structure amd wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least a po/rtion of said method of recovering 
peptide product, 

78. The/method of claim 72, wherein the 
peptide product hafe at least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least ej portion of said method of recovering 
peptide product. 
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79. The method of claim 73, wherein the 
peptide product has at least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide proauct is sulfonated 
during at least a portion of said method of recovering 
peptide product, 

80. The methaer of claim 774, [wherein the 
peptide product has ay least one c&steijne in its 
molecular structure /and wherein a£ lea&t one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least % portion of sa/d irfe^nod of recovering 
peptide product, 

81. / The method ofy^laim/ r 75 , wherein the 
peptide produfct has at least/one cysteine in its 
molecular structure and wneyein atl least ope sulfhydryl 
group of a cysteine of t^ne peptide pa*etJuct is sulfonated 
during at least a portion pf said method of recovering 
peptide product, 

82. The methQja of claim 72, further comprising 
altering the pH of the Culture medium, immediately after 
terminating fermentation, to a level where proteolytic 
degradation of product/ is reduced. 



83. The method of claim 82, wherein salmon 
calcitonin precursor is the peptide product and pH is 
adjusted to between/ 2. 5 and 4.0. 



84. Th& method of claim 83, wherein the pH is 
adjusted to between 3 and 3.5. 
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85. The method of claim 82, further comprising 
lowering the temperature of the cultur/5 medium to below 
10 °C after fermentation is terminated j 



86. A method of producing an amidated peptide 
product comprising the steps of: 

(a) culturing the^lost cyfellXof claim 20 in a 
culture medium wherein tKe peptide product includes a C- 
terminal glycine; 

(b) recovering said peptide 
culture medium; arra 

(c) converting said ^epti^de^ product to an 
amidated peptic^e by converting/ §aid ^-terminal glycine to 
an amino group/ 



Droduct from said 



87./ A method o^nfcoduc//g an amidated peptide 
product comprising the tftepk of: 

(ab culturing the hosu/cell of claim 35 in a 
culture medium wh^ein th^r peptfde product ^includes a C- 
terminal glycine; 

(b) recovering/said peptide product from said 
culture medium; and 

(c) converting said peptide product to an 
amidated peptide by converting said C-terminal glycine to 
an amino group. 



88. A method of producing an amidated peptide 
comprising: 

(a) cultufing host cells which express a 
peptide product having a C-terminal glycine together with 
an N-terminal signal peptide under conditions wherein 
growth of said host cells is controlled to stay within a 
range of 0.05 to/o.20 doublings per hour; wherein the 



L 



culture is induced during some of the period of said 
controlled growth; 

(b) recovering said peptide product from the 
culture media; and 

(c) converting said peptide piroduct to an 
amidated peptide by converting said C -germinal glycine to 
an amino group. 



89. The method of claim.? 
cell is cultured in a culture^tnediu/ 



wherein the host 
the presence of 
cell growth rate 



an inducer, while maintaining an atferag^ 
during culturing bej^een 0.05 and /O. 20 c| oub li- n 9 s per 
hour. 



90/ The method of clafim 84, ^herein the host 
cell is cultured in a culture irijedium/yrjkthe presence of 
an induce/, while maintaining An average cell growth rate 
during c/ilturing between 0.05 /a^rd 0.$6 doublings per 
hour. 

91. The method off clairf (86, wherein the 
peptidd product is salmon calcit</nirKErg£UMrsor or 
calcitonin gene rented peptide precursor. 

92. The method /of claim 87, wherein the 
peptide product is salmorw calcitonin precursor or 
calcitonin gene related peptide precursor. 



93. The methfcd of claim 86, wherein said 
conversion to amidated/peptide is accomplished by: 

(a) forming k reaction mixture by contacting 
said peptide product with oxygen and a reducing agent in 
the presence of peptiJayl glycine a-amidating 
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monooxygenase, or peptidyl glycine a-l/ydroxylating 
monooxygenase ; 

(b) if peptidyl glycine a-imidating 
monooxygenase is not used in step (a) , and if the 
reaction mixture is not alreacJy^a^Lc, then increasing pH 
of the reaction mixture ^ufftil it ijs basic; and 



(c) recovering said amiflated 



reaction mixture. 



peptide from said 



94< The method of claim 87 J wherein said 
conversioi^ to amidated peptide lis accomplished by: 

(a) forming a reacti/on mixture by contacting 
said peptide product with oxygen and/ M reducing agent in 
the presence of peptidyl glyaine a-j&midating 
monooxygenase, or peptidyl qfrycin^/^-hydroxylating 
monooxygenase ; 

/ (b) if peptidyl dlyjzfinrf/a-amidating 

monc oxygenase is not used /in step/ (a), and if the 
reac tion mixture is not aAreadyf msic, then increasing pH 
of tyie reaction mixture 

^ . fe from said 

reactVon mixture 



95. The method of claim 88, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a reaction mixture by contacting 
said peptide product/ with oxygen and a reducing agent in 
the presence of pept/idyl glycine a-amidating 
monooxygenase, or p^eptidyl glycine a-hydroxylating 
monooxygenase; 

(b) if piptidyl glycine a-amidating 
monooxygenase is r/ot used in step (a) , and if the 
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reaction mixture is not already basins, then increasing pH 
of the reaction mixture until it isJ basic; and 

(c) recovering said amidated peptide from said 
reaction mixture. 



96, The method of cla&m93, wherein recovering 
amidated peptide comprises^ax Least \one of the steps 
selected from the group^consisting of cation exchange 
chromatography and reverse phase chromatography. 



97. The method of/ claim 94, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the group consisting/ <z£f cation exchange 



chromatography and reverse/ phs^sc 



/■ 



Lromatography . 



98. The method//bf clafim 84, wherein recovering 
amidated/peptide comprises at 3/east one of the steps 
selected/ from the group /consis£tng of cation exchange 
chromatography and reverse phasje chromatography. 



99. J& methad for dii ect expression of a 
peptide pr*t*Iuct into i culture \^&±wp^owpx\s>i.T\q the 
steps of : / 

(a) culturing host cells which express said 
peptide product tog^her with a signal peptide, in said 
medium, under conditions wherein growth of said host 
cells is controlled/ to stay within a range of 0.05 to 
0.20 doublings perjhour; wherein an inducer is present 
during some of saip period of controlled growth; and 

(b) recovering said peptide product from the 
culture medium. 
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100. The method pf^ cYaim 99, wherein a 
membrane-periueabilizing Xmounu/ of, glycine is present in 
the medium during at ]^east a/pgrtion of said period of 
controlled growth. 



101. Th£ method^bfl claim 99 wherein oxygen 
saturation averages over ^50% said medium during the 
period of controlled growth. 
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